Productive cough is a common problem in children and is accompanied by disruption of sleep and routine daily activities leading to a deterioration in quality of life. We evaluated the efficacy, safety and tolerability of cetirizine and ambroxol fixed dose combination (FDC) as compared with ambroxol in these patients. We conducted open-label, prospective, multicenter study attending outpatient department with cough ≥12 hours; were screened to receive either cetirizine and ambroxol FDC (AC group) or ambroxol alone (AX group). Primary efficacy variables were evaluation of total symptom score (TSS) for cough and secondary efficacy variables included evaluation of total nasal symptom score (TNSS); assessment of cough frequency; number of awakenings due to cough; and time to complete relief. Out of 250 children included, 246 completed the study with a statistically significant improvement in TSS from baseline to day 3 (p=0.029) and day 7 (p=0.048) in the AC group as compared with AX group. Improvement in TNSS was better in the AC group from baseline to day 3 (p<0.0001) and day 7 (p=0.016) as compared with the AX group. Greater proportion of children in the AC group recovered completely from cough by day 7 (97.67%) as compared with the AX group (78.63%). As side effects, only two children of the AC group experienced mild AEs (drowsiness). We thus conclude that FDC demonstrated improved efficacy and safety and was well tolerated as compared with ambroxol alone in children with productive cough.
Introduction
Cough may be considered as a protective reflex especially when the secretions are copious [1] . Productive cough is often characterized by the presence of mucoid or mucopurulent secretions due to irritants [2] . Productive cough is a natural reflex which helps clear the airways of the excessive secretions in addition to preventing the entry of foreign matter in the airways [3] . A study evaluating the prevalence of productive cough in children below 13 years of age reported productive cough in 7.2% of the study population (n=173) [4] . Most children experience cough as a result of acute viral infections and a very small proportion of patients experience cough as a result of asthma or other causes. Additionally, it is important to mention that most of coughs observed in children are due to undifferentiated acute respiratory infections [5] . In some cases, the cough may not be infective, and persistent however; chesty sounding cough which lasts for more than four weeks can be considered to occur as a result of chest infections [6] . Irritant factors that contribute to the occurrence of cough include environmental factors viz. irritant gases; exposure to tobacco smoke; indoor pollution; and dampness at home [7] . Treatment of productive cough is extremely important and investigation of underlying lung or other disease is recommended in children with cough for more than 4 weeks [8] .
Ambroxol, a mucokinetic agent [9] shows secretolytic, anti-inflammatory, and local anesthetic effect and has been shown to reduce the symptoms of cough [10] . Cetirizine selectively inhibits peripheral histamine (H1) receptors and has anti-allergic properties, there by effectively reducing cough intensity and frequency in patients with allergic cough [11] . A study conducted to evaluate the effect of antihistaminic agents in children showed that the administration of cetirizine improves cough due to allergy in children [12] . The pharmacodynamic properties of both cetirizine and ambroxol could be used for the symptomatic relief of productive cough associated with allergic rhinitis when both antihistamine and mucokinetic agents are desired.
The symptoms of cough are different in children as compared with adults. [13] . Cough is accompanied by disruption of sleep and routine daily activities of the child leading to a deterioration in quality of life (QoL) [7, 14] . These factors necessitate optimal treatment of cough in children. The combination of cetirizine and ambroxol was hypothesized to provide effective symptom relief in children with productive cough. Presently, there is no evidence available on the effectiveness of this FDC in the treatment of productive cough. Prescription of an FDC is associated with better patient compliance and is considered to be more costeffective than two individual medications [15] . This study was conducted to compare the efficacy, safety and tolerability of FDC of cetirizine and ambroxol with ambroxol alone in the treatment of productive cough in children.
Materials and Methods

Study Characteristics
This was an open-label, prospective, multicenter study conducted between June 2015 and October 2015. The study duration was for a maximum of 7 days for each patient at the discretion of the physician. The study was conducted across four different sites in India (two from Surat; one each at Nellore and Kolkata).
The study was conducted in accordance to the Declaration of Helsinki, and Good Clinical Practice (GCP). The study protocol and any amendments to the same were approved by the Institutional Review Board (IRB) and the Independent Ethic Committee (IEC) of the respective study centers. A written informed consent was obtained from the parents/guardians of all children prior to the initiation of the study. Patient anonymity was preserved. The study is registered at Clinical Trials Registry -India (TRI/2015/09/006198).
Inclusion and Exclusion Criteria
Children attending the outpatient department with a complaint of cough lasting for more than 12 hours were screened. Children of either gender between 6 and 18 years of age; with productive cough (cough with expectoration) associated with any of the nasal symptoms for at least 8 hours prior to study initiation were included. Additionally, children willing to provide assent and parents/guardian willing to provide written informed consent were included.
Children using any throat lozenge, throat spray, cough drop, menthol-containing product, or any product with demulcent properties, any cold medication viz. nasal or systemic decongestants, antihistaminic agents, expectorants, or antitussives within last 8 hours of study initiation were excluded from the study. Those children with severe cough requiring hospitalization, active pulmonary diseases such as bronchopneumonia, bronchial asthma or tuberculosis, a known allergy to ambroxol and/or cetirizine, fever within 8 hours of study initiation, any form of infection, or allergic rhinitis were excluded. Additionally, patients with cough for longer duration of time were excluded from the study.
Treatment Allocation
Patients received either Relent plus Syrup (manufacturer: Dr. Reddy's Laboratories, India) containing cetirizine hydrochloride 5 mg and ambroxol hydrochloride 30 mg per 5 mL/any pharmacological equivalent in the market (AC group) or Mucolite Syrup (manufacturer: Dr. Reddy's Laboratories, India) containing ambroxol hydrochloride 30 mg per 5 mL/any pharmacological equivalent in the market (AX group), given twice daily. Both the physician and the patient were aware of the treatments being received by the patients.
Study Assessments
Efficacy Variables
The primary efficacy variables of the study were to evaluate the TSS for cough calculated by summing individual scores of four symptoms including sputum volume, sputum viscosity, difficulty of expectoration and the severity of cough; and improvements in TSS scores from baseline (day 0) to end of study period was evaluated [16] .
The secondary efficacy variables of the study included evaluation of the TNSS for cough calculated by summing by four symptoms including nasal discharge, nasal stuffiness, nasal itching, and sneezing. Additionally, the improvement in TNSS scores from baseline (day 0) to end of study period were calculated [17] . Both TSS and TNSS were 4-point scale in which a value of 0" signified absence of symptoms (no signs or symptoms); 1 signified presence of mild symptoms (sign/symptom clearly present, but minimal awareness; easily tolerated); 2 signifies the presence of moderate symptoms (definite awareness of sign/symptom that is bothersome but tolerable); and "3" signified the presence of severe symptoms (signs and symptoms that are hard to tolerate, and cause disturbance in daily activities and/or sleep).
The other secondary efficacy variables included assessment of cough frequency (evaluated daily); number of awakenings due to cough (evaluated on a daily basis and overall improvement during the study); and time to complete relief (number of days taken for complete relief i.e., for the symptom score to become 0 for all symptoms including sputum volume, sputum viscosity, difficulty of expectoration, and severity of cough).
Safety and Tolerability Variables
All AEs reported by the children were documented during the study period. The presence of drowsiness/sleepiness; and concentration impairment (patients report whether there is concentration during studies or reading is impaired) during the day were evaluated. Patient compliance with the study medication was recorded during the study and at follow-up visits. Tolerability of the study medication was evaluated with the GATT scale. The GATT was a 5-point scale in which the value of "1" signified excellent tolerability and the value of "5" signified worst tolerability. No specific laboratory assessments were done during the study as it was anticipated that the study medication may not cause any laboratory abnormalities [18] .
Patient Follow-up
The study comprised of four visits viz. visit 1 or screening (day -2 through day 0); visit 2 or enrolment and baseline data (day 0); visit 3 or follow-up (day 3±1); and visit 4 or study completion (day 7±1). On visit 1, the patients were screened for eligibility in the study and underwent allocation and study assessments (day 0). Treatment decision and prescription of medication was done on day 0. During the follow-up phase through study completion, study assessments and evaluation of compliance were done.
Statistical Analysis
To reject the null hypothesis, or if there is truly no difference between the AC group (study) and AX group, 174 patients were required with 95% confidence interval. Considering the age of patients and the declined season of cough, we anticipate a huge drop-out rate. Thus, for acquiring complete data for 174 patients, 250 patients were included in the study. Descriptive statistics, unpaired't' test and Mann-Whitney 'U' test were used for analysis. A p value of less than 0.05 was considered statistically significant.
Results
Study Patients
Overall, 250 children were included in the study of which 246 children completed the study. The mean age of the children of the AC group was 8.78±2.38 years and that of the AX group was 9.11±2.18 years. Majority of the children in both groups were boys (AC group: 57.36%; AX group: 59.83%). The AC group included 129 children and the AX group included 117 children. The detailed demographic data is presented in Table 1 . 
Primary Efficacy Variable
The primary end point was Total Symptom Score (TSS) for Cough. The mean baseline TSS values for cough were well matched between the two groups (AC: 11.59±1.82; AX: 11.41±2.13). The change from baseline in the mean TSS scores in AC group was 3.77 and 7.51 on day 3 and day 7, similarly for AX groups it was 3.37 and 6.92, respectively. The improvement in TSS from baseline to day 3 and day 7 was significantly more in children of the AC group as compared with those of the AX group, p=0.029 and p=0.048 respectively ( Figure 1A ).
Secondary Efficacy Variables
Total Nasal Symptom Score (TNSS) for Cough
The mean baseline TNSS values for cough were well matched between the two groups (AC: 9.76±1.95; AX: 9.65±1.94). The improvement in TNSS from baseline to day 3 (p<0.0001) and day 7 (p=0.016) was significantly more in children of the AC group as compared with those of the AX group ( Figure 1B ).
Figure 1. (A) Mean Reduction in TSS and (B) TNSS from Baseline to Day 3 and Day 7.
Improvement in Cough and Related Efficacy
Variables Cough Frequency: The reduction in cough frequency was similar at day 3 and day 7 in both AC and AX groups ( Table  2) . A greater proportion of children in the AC group recovered completely from cough on day 3 (8.53%) and day 7 (71.32%) as compared with the children of the AX group (day 3: 2.56%; day 7: 64.96%). However; the difference between the two groups was not statistically significant at both day 3 (p=0.0813) and day 7 (p=0.3506).
Number of Awakenings: The proportion of children who completely stopped awakening at night and the median number of night awakening was similar between the two groups on day 7 ( Table 2) . Time to Complete Relief: In AC group 10 (7.75%) children got complete relief by day 3 and 126 (97.67%) by day 7. Only 3 children didn't have complete relief by day 7. In AX group, 4 (3.42%) children got complete relief by day 3 and 92 (78.63%) by day 7 while 25 (21.37%) children did not complete relief by day 7. Significantly higher proportion of children of the AC group got complete relief as compared to AX group by day 7 (p<0.0001). (Figure 2 ). More number of patients in the AC group got complete relief earlier (by day 5), as compared to AX group. 
Safety and Tolerability Variables
Vital parameters viz. pulse rate, respiration rate, systolic and diastolic blood pressure, and body temperature showed no changes during the study period. Of the 246 children who completed the study, only two children (0.8%) experienced AEs and both were from the AC group. Both children experienced drowsiness which was mild in severity. None of the children in the AX group reported AEs during the study period.
Concentration impairment was not reported by any of the children who participated in the study. All children adhered to the therapy with 100% compliance in the AC group throughout the study. In the AX group, not all but most of the children (99.12%) were compliant to the therapy on day 7.
Global Assessment of Tolerability to Therapy (GATT)
The GATT was assessed by physicians and by parents/guardians for children of both the groups. Poor tolerability was observed in negligible proportion of children in the AX group (0.85%) and no children in the AC group. Although a greater proportion of children in the AC group (by physician: 82.95%; by parent/guardian: 80.62%) exhibited excellent tolerability, the difference between the two groups did not achieve statistical significance (Figure 3) . 
Discussion
This study compared the efficacy of cetirizine and ambroxol FDC with ambroxol through change in TSS and TNSS scores and additionally assessed the change in cough frequency, number of awakenings at night due to cough, and the time duration taken for complete cough relief. Improvement in TSS and TNSS in the AC group was significant as compared with the ambroxol group. Proportion of children with improvement in cough was considerably high in children who received cetirizine ambroxol FDC as compared with children who had received only ambroxol. The study demonstrated that the number of night awakenings reduced in both groups, but the proportion of children with the improvement was higher in the AC group as compared with the AX group. More number of patients had complete relief from cough rapidly in the AC group as compared with the AX groups and complete relief was observed in almost all of the children in the AC group as compared to only three fourth of the children in the AX group by day 7 of the study. The improved outcomes in children of the AC group have shown that the cetirizine and ambroxol FDC is favorable in children with productive cough.
The study included children between 6 and 18 years of age. The study considered inclusion of children mainly because cough is said to be more prevalent in children than in adults. This age group was considered for analysis in the present study due to the different symptom pattern of cough in children and associated discomforts of cough viz. disruption of sleep [7] . The most common causes of cough in children are upper or lower respiratory tract infections, asthma, or gastroesophageal reflux disease (GERD). The less common causes include the aspiration of foreign bodies, post-infectious cough, or pertussis [19] . A review conducted by Chung et al reported that the presence of environmental pollutants is one of the most common causes for cough in children particularly in school going children [20] . The British Thoracic Society (BTS) recommends the use of antihistamines in children with productive cough and in allergic cough that has occurred in the pollen season [21] . While cetirizine is essential to combat allergic cough, inclusion of ambroxol to the treatment regimen is essential as it promotes cough clearance of mucous and facilitates reduction of surface adhesion between mucous and airway epithelium [9] .
Occurrence of productive cough in children requires adequate management for better relief and uninterrupted sleep [22] . Combination of an anti-histamine (cetirizine) and a mucokinetic (ambroxol) was hypothesized to be more effective as compared with the mucokinetic alone. It is a known fact that most of the medications available for the treatment of cough and cold include decongestants, cough suppressants, anti-histaminic agents, and expectorants [23] and the administration of multiple medication combinations is often associated with drug overdose and unintended adverse events [24] . Keeping the safety aspect also into consideration for the age group included in this study, the cetirizine and ambroxol combination was investigated. The study results have demonstrated that in addition to the improvement in productive cough, children tolerated the combination well and there were no serious adverse events reported. Only two children reported the presence of drowsiness with the combination therapy which was mild.
Additional benefits of using an FDC in the treatment of cough in children is treatment compliance. Administration of a single medication with a combination is easier among this age group than administration of more than one medication. These benefits have led to an increase in the availability of FDCs for the treatment of cough and cold. Over the past decade, the availability of liquid FDCs for the treatment of cough has increased from 67.9% in 2004 to 71.8% in 2007 [25] .
Open label study design may be considered as the main limitations of the present study. Assessment of the efficacy and tolerability of ambroxol and cetirizine FDC would have been clearer with a blinded study design. Although there are guidelines for the assessment and management of cough in children, there is a need to consider FDC in these considering the age group which can ensure safer clinical practice and adequate treatment of children.
Conclusions
The use of cetirizine and ambroxol as fixed dose combination that is approved by regulators is effective in the management of productive cough in children. This combination effectively reduces the overall symptoms, number of nigh awakenings, improves cough frequency in children ensuring better complete relief and was well tolerated in this population. 
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